The Canadian goldenrod Solidago canadensis (L) is an invasive species in Poland. It occurs both in habitats only weakly impacted by anthropogenic factors as well as in habitats subjected to intensive transformations by humans. The aim of this study was to characterise the habitats of S. canadensis in Mińsk Mazowiecki and in out-of-town areas. It has been shown, based on an analysis of the principal soil properties, that the sites where S. canadensis was found had clayey-sandy soil and a C/N ratio indicative of medium and high soil degradation. Canadian goldenrod was found at sites with a diverse content of phosphorus, calcium and magnesium in soil, as well as a diverse soil pH, indicative of a strongly acidic, acidic and alkaline character of the soil.
INTRODUCTION
Solidago spp. are among the invasive plants which have been colonising an increasing number of sites in Poland [Tokarska-Guzik et al. 2012] . In natural and semi-natural populations in Poland, this genus is represented by four species: Solidago gigantea Aiton (giant goldenrod), Solidago canadensis (L.) (Canadian goldenrod), Solidago graminifolia (L.) Elliott. (grass-leaved goldenrod) and Solidago virgaurea L. (European goldenrod) [Rostański 1997 ]. Of these, only European goldenrod is native to Europe. The other species were brought to Europe from North America in the 18th century [Guzikowa and Maycock 1986] . Solidago spp. show a great tendency for expansion. According to literature reports [Korniak et al. 2012 , Szymura and Wolski 2006] , giant goldenrod and Canadian goldenrod are found in Poland relatively frequently. S. canadensis is common in the north-east of Poland [Korniak et al. 2012] . The expansion of S. canadensis can be attributed to the fact that it produces large numbers of seeds. An individual shoot of these species produces up to 10,000 seeds, which are easily carried by the wind for long distances [Gassman and Weber 2005] . S. canadensis is characterised by the greatest germination potential of all Solidago spp. [Szymura 2012 ]. The species has an allelopathic effect on the plants growing at the same sites, which eliminates competitive vegetation [Abhilasha et. al. 2008 , Sun et al. 2006 , Yuan et al. 2013 . It is also relatively resistant to herbicides [Rzymowska et al. 2015] and colonises habitats in urban areas [Korniak et al. 2012] . It is also found on arable land [Pużyńska et al. 2012] , as well as on fallow land [Rola and Rola 2010] , industrial dumping grounds [Rostański 2006 ] and municipal waste dumpsites [Dyguś et al. 2012] . It tolerates high concentrations of heavy metals in soil [Nowińska et al. 2012 , Yang et al. 2008 , which is demonstrated by the presence of this species at sites near emitters of pollution [Rostański 1997 ]. It has been emphasised in literature reports [Pużyńska et al. 2012 ] that the plant has great tolerance of chemical properties of the ground, such as the soil pH and the content of minerals and organic matter. Despite numerous studies of 
MATERIAL AND METHODS
The study was conducted in Mińsk Mazowiecki (52.18 °N, 21.56 °E, province of Mazovia) and near the town, within 5 km of its borders. Sites were selected for the study where Solidago canadensis was found on an area of at least ca. 100 m 2 . The plants were identified using the description provided in the identification key for vascular plants [Rutkowski 2012 ]. In total, 16 sites were selected for the study: sites 1-8 were situated within the town, sites 9-16 were situated outside it. Soil samples for the study were collected in September 2016 with a sampling stick from a depth of 20 cm. Five samples were taken at each site; they were transferred to a plastic bag and thoroughly mixed. Subsequently, the soil samples were dried and sifted through a 2 mm mesh sieve.
Granulometric distribution in the soil samples was determined by Bouyoucose's areometric method, as modified by Casagrande and Prószyński [Ostrowska et al. 1991] . Granulometric subgroups were identified based on the percentage of the sand, clay and silt fraction in the soil, in accordance with the classification of soils and mineral formations, adopted by the
The following were determined in subsamples of soil homogenised in an agate mortar: organic carbon by the Tiurin method [Ostrowska et al. 1991] , total nitrogen by the indophenol method and total phosphorus by the molybdate method [Marczenko 1979 ]. Soil samples for determination of nitrogen and phosphorus were mineralised in Kjeldahl flasks in 95% H 2 SO 4 and 30% H 2 O 2 (3:1, v/v). Additionally, the soil pH was determined in 1 M KCl [Ostrowska et al. 1991 ] and calcium and magnesium content by AAS. Calcium and magnesium determination was preceded by mineralisation of the samples in a microwave mineraliser in HNO 3 and 30% H 2 O 2 (3:1, v/v).
The results were worked out statistically. The normality of data was tested using the ShapiroWilk test. A non-parametric Mann-Whitney U test (p < 0.05) was used to analyse the differences in the indexes determined for the soil samples collected within the town and outside it. The significance of correlations between the values of parameters was assessed by Spearman rank correlations. A dendrological analysis was carried out in order to compare the soil properties at different sites. The statistical analyses were performed using Statistica software (ver.12).
RESULTS
The sand fraction percentage in the soil under study varied from 62% to 86%, the clay fraction varied from 7% to 32% and the silt fraction varied from 7% to 10%. The granulometric composition of the soil was used to identify ten samples of sandy loam, four samples of loamy sand and two samples of light loam.
The soil pH ranged from 3.90 to 7.54 ( Table  1) . The pH was acidic and strongly acidic in half of the samples. The soil pH was higher than 7 in six samples. The pH values were higher in the samples collected within the town borders than in the rural areas (Z = 2.36, p = 0.018).
The content of organic carbon did not exceed 2% in the majority of the samples. The differences between the content of organic carbon in the samples collected within the town borders and outside it were not statistically significant. The nitrogen content in the soil at the selected sites varied within the following range: 0.38-1.32 g/kg. It was below 1 g/kg in most of the samples. The content of phosphorus at the sites under study ranged from 0.21 g/ kg to 1.56 g/kg. It was below 0.5 g/kg in ca. 90% of the samples. The highest content of organic carbon, nitrogen and phosphorus was determined in a sample collected at the waste dumpsite situated in the vicinity of the wastewater treatment plant in Mińsk Mazowiecki. Like in the indexes mentioned above, no significant differences were found in the assay results for magnesium or calcium in soil samples collected within the town borders or outside it. The content of calcium did not exceed 4 g/kg in most of the samples it ranged from 0.8 to 13.5 g/kg. The content of magnesium also varied within a relatively broad range between 0.33 and 2.23 g/kg (Table 1, Fig. 1 ).
The content of organic carbon and total nitrogen were used to calculate the C/N ratio. For most samples, it ranged between 18 and 30. It was above 30 in two samples. One of the samples was collected at the waste dumpsite situated in the vicinity of the wastewater treatment plant in Mińsk Mazowiecki and the other at an out-of-town site (Table 1, Fig. 1) . No statistically significant differences were found for the C/N ratio in samples A dendrological analysis showed a particular similarity of soil at the sites: 1, 10, 11, 15 (Fig. 2) . Samples collected at these sites had a relatively low C/N ratio, close to 15, a low pH (< 5), an organic carbon content of about 1% and below 1%, a relatively low content of P (from 0.21 to 0.40 g/kg) and nitrogen content from 0.54 to 0.8 g/kg. Samples collected at sites 3, 16 and 2 differed from majority of the other samples. Compared to the other samples, those collected at sites 3 and 16 had a high C/N ratio: 30.1 and 42.8, respectively, similar pH: 6.92 and 6.53 and a relatively high content of calcium (13.5 and 10.2 g/kg/ respectively). Sample no. 3 contained a higher concentration of nitrogen (1.32 g/kg) and phosphorus (1.57 g/kg) than any other sample. Sample no. 2 contained a relatively high concentration of nitrogen (1.18 g/kg) and carbon (2.99%) and its pH was high: 7.24.
DISCUSSION
An analysis of soil samples collected at the sites colonised by S. canadensis showed that the chemical properties of the soil vary. These findings confirmed the literature reports [Pużyńska et al. 2012 , Szymura and Szymura 2013], according to which Solidago sp., including S. canadensis as an invasive species, colonise soils with a broad range of pH values, including -as has been shown in studies -acidic and strongly acidic soils. Along with the soil pH, the extent of soil degradation is shown by the C/N ratio in the humus horizon. The lower it is, the less degraded the soil is [Siuta 2000 ]. According to Baran and Turski (1996) , a C/N ratio within a range between 8 and 10 is typical of non-degraded soils, 11-17 -is typical of slightly degraded soils, 18-30 -soils with medium degradation degree and 30-45 -highly degraded soils. It is noteworthy that the C/N ratio was higher than 10 at all the sites where S. canadensis was found. The C/N ratio determined in ca. 70% of the samples under study was indicative of medium and high degradation of the soils at the sites. Likewise, a C/N ratio within a broad range in the surface layer of the soils where Solidago spp. were found was determined by Pużyńska et al. (2012) . An increased C/N ratio in soil at sites colonised by Solidago gigantea was also determined by Because of the biomass amount, it can contribute to a significant decrease in the content of nitrogen and phosphorus in soil, thereby causing soil degradation. This seems important if a plant is used as an energy crop [Nowińska et. al 2012] and macro-and micronutrients are regularly removed from the soil with the plant biomass.
According to study findings, S. canadensis grows mainly on sandy loam. Possibly, the soil conditions, with the soil containing more than ten percent of small-grain fractions of soil (clay and silt), make it easier for the light seeds of the plant to settle and germinate. On the one hand, smallgrain fractions of soil protect seeds against being blown away from the soil and, on the other, they can supply the germinated seeds with elements necessary for their further growth.
Colonisation of increasing areas in Poland by Solidago sp., including S. canadensis, especially in areas which are not used for agriculture, estimated by Korniak et al. (2012) at as much as 5,000 m 2 at one habitat, can pose a significant threat to biological diversity. The ease of carrying seeds long distances [Gassman and Weber 2005] , high germinating potential of seeds [Szymura 2012 ], easy reproduction by rhizomes [SudnikWójcikowska 2011] -all this makes it necessary to take action to stem the expansion of the species.
The findings of this study have broadened and supplemented previous knowledge on the habitat conditions of Solidago canadensis. Due to the invasive character of the plant and the fact that it occupies an increasingly large area, it has been noted [Lu et al. 2007 , Moron et al. 2009 ] that suitable programmes must be implemented to stop its expansion. According to the study findings, S. canadensis shows no preferences regarding the chemical characteristics of the habitats that it colonises. Therefore, actions involving changes of chemical characteristics of soils do not seem to be effective in stopping the expansion of Canadian goldenrod.
CONCLUSIONS
S. canadensis readily colonises sites with sandy-loamy soil, with pH within a broad range, from strongly acidic to alkaline, it grows at sites where the C/N ratio in the soil is indicative of medium or high soil degradation. Canadian goldenrod does not show any significant preferences regarding the choice of habitats within a town or out-of-town areas.
